Streptococcus pneumoniae, one of the most common gram-positive pathogens to colonize the human upper respiratory tract, is responsible for many severe infections, including meningitis and bacteremia. A 23-valent pneumococcal vaccine is available to protect against the 23 S. pneumoniae serotypes responsible for 90% of reported bacteremic infections. Unfortunately, current S. pneumoniae serotype testing requires a large panel of expensive antisera, assay results may be subjective, and serotype crossreactions are common. For this study, we designed an oligonucleotide-based DNA microarray to identify glycosyltransferase gene sequences specific to each vaccine-related serotype. Out of 56 isolates representing different serotypes, only one isolate, representing serotype 23A, was not detected correctly as it could not be distinguished from serotype 23F. Our data suggest that the microarray provides a more cost-effective and reliable way of monitoring pneumococcal capsular types.
Introduction
Streptococcus pneumoniae is an important cause of bacteremia, community-acquired bacterial pneumonia, and meningitis, especially among young children and older adults [1] [2] [3] . Capsular polysaccharide is the primary S. pneumoniae virulence factor and encapsulated pneumococci are responsible for more diseases than unencapsulated strains [4] . After comparing the differences in capsular polysaccharides composition, S. pneumoniae can be divided into more than 90 serotypes [5] and the 23 serotypes responsible for 90% of disease cases [6] are represented in a 23-valent pneumococcal vaccine. Pneumococcal serogroup and serotype identification is currently performed by using large panels of expensive antisera by various methods, including the capsular swelling (Quellung) reaction, latex agglutination, and coagglutination. Cross-reactions between serotypes and discrepancies between methods can occur and some strains are nonserotypable. On the other hand,
Materials and Methods

Bacterial Strains, Growth Conditions, Immunological
Serotyping, and Genomic DNA Extraction. S. pneumoniae strains representing various serotypes were obtained from the American Type Culture Collection, the Statens Serum Institute, and clinical isolates (Table 1) . Each strain was cultivated on brain-heart infusion broth (Eiken, Tokyo, Japan) supplemented with 0.3% yeast extract (Becton Dickinson, Boston, MA) (BHI-Y) for 24 h at 37
• C in 5% CO 2 . Conventional serotyping was performed for clinical isolates obtained in Japan by slide agglutination (Denka Seiken, Tokyo, Japan) or quellung reaction (Statens Serum Institute, Copenhagen, Denmark).
Genomic DNA was extracted using a Wizard Genomic DNA purification kit (Promega, Madison, WI).
DNA Array Preparation.
Oligonucleotide probes were synthesized and spotted on a glass slide at Nihon Gaishi (Nagoya, Japan). The slide was stirred in a beaker filled with 2 × SSC/0.2% SDS for 15 min, transferred to a second beaker filled with 2 × SSC/0.2% SDS to incubate for 5 min at 95
• C, rinsed three times with dH 2 O, and centrifuged at 900 rpm for 3 min at 25
• C in a horizontal microtiter plate rotor before being covered with a plastic seal.
2.3.
Chromosomal DNA Labeling. 500 ng of genomic DNA was suspended in 21 µL dH 2 O and 20 µL of 2.5 × Random Primer Solution (Invitrogen, Carlsbad, CA), heated to 95
• C for 5 min, and chilled on ice for 3 min. The DNA was labelled in a reaction including 5 µL of 10X dCTP Nucleotide Mix (Invitrogen, Carlsbad, CA), 5 µL Cy3 or Cy5-dCTP (GE Healthcare, Buckinghamshire, UK), and 1 µL of ExoKlenow Fragment (Invitrogen, Carlsbad, CA ). After a 2-hour incubation at 37
• C, 5 µL of sodium acetate, 125 µL of ethanol and 1 µL of glycogen was added to 25 µL of Cy3 and Cy5 labeled DNA, which was purified previously by QIAprep Spin Miniprep Kit (250) (Qiagen, Tokyo, Japan). Following a 30-minute incubation at −80
• C in the dark, the probe mixture was centrifuged for 30 min at 14,000 rpm at 4
• C. The supernatant was removed and the probe was air-dried for 5 min in the dark. The probe mixture was diluted in 70 µL of the hybridization buffer (25% formamide, 0.1% SDS, 6 × SSPE), incubated for 30 min at room temperature in the dark, heated for 8 min at 75
• C, and incubated for 30 min at 42
• C.
Probe Hybridization and Microarray Signal Detection.
Prewarmed probe mixture was applied to the prepared microarray slide, placed in a hybridization chamber and incubated for 20 h at 42 • C. After hybridization, the plastic seal was removed and the slide was washed with 1 × SSC/0.1% SDS solution for 3 min, 0.05 × SSC for 3 min, and 95% ethanol for 90 s at room temperature. The washed microarray slide was dried by centrifugation and scanned using the DNA Microarray Scanner (Agilent, Santa Clara, CA).
Data Analysis.
The signal and background intensities of each spot were quantified using GenePix Pro 6.0 software and the average was calculated with Microsoft Excel software.
Results
Target Gene Selection and Microarray Construction.
In this study, we designed a DNA microarray to identify the 23 S. pneumoniae serotypes included in the 23-valent pneumococcal vaccine, using GT genes in cps locus. We compared the GT sequences of the 23-valent vaccine serotypes with other S. pneumoniae serotypes and found that these 23 serotypes were indistinguishable from 14 nonvaccine serotypes. Therefore, 37 serotypes, 23-valent vaccine serotypes and 14 closely related serotypes, were divided into 23 groups and each group had one to six GT genes in their cps locus (189, 190, 191) 22F/22A wchF (7, 8, 192, 193) wcwA (48, 49, 194 ) wcwV (195, 196, 197) whaB (198, 199 Explanatory notes: a Probes containing 60-bp oligonucleotides were designed and named as 1, 2, 3 etc from Group 1. The name of each GT gene (wchB etc) was derived from the Sanger Institute.
( Table 2 ). The 60-bp oligonucleotide probes contained the variable middle region of each open reading frame and were designed from published sequences at the Sanger Institute (http://www.sanger.ac.uk/Projects/S pneumoniae/CPS/) and Genbank websites. In most cases, the designed probes were gene specific, although some probes included sequences from more than one gene. Each serotype group was identified using 3 to 18 probes (Table 2 ) and a total of 222 probes were designed to target 23 groups (Table 3) . 26 positive control probes were designed to hybridize S. pneumoniae housekeeping genes and 16S rDNA. In addition, 26 negative control probes were designed to detect housekeeping genes of other bacterial respiratory pathogens, including Klebsiella pneumoniae, Staphylococcus aureus, Legionella pneumophila, Chlamydophila pneumoniae, Mycoplasma pneumoniae, Pseudomonas aeruginosa, and Streptococcus pyogenes. A schematic Journal of Biomedicine and Biotechnology GTTGTTGAATGTATCAATAGTTTTGATTACTTAGTGTCATCATCTTTATAT-GAGGGGTTG Journal of Biomedicine and Biotechnology ACCCAATATCAAAATCAGTATTACGTCATTATCCAATCCATCGTTTACCTT-TTACTAAAC Journal of Biomedicine and Biotechnology diagram of the probe positions on the microarray is shown in Figure 1 (a).
Evaluation of the Microarray.
A total of 274 oligonucleotide probes were used in this microarray, including positive and negative controls and GT gene-specific probes. The microarray probes were tested using 36 pneumococcal isolates from 23 vaccine-associated serotypes and 19 additional pneumococcal isolates belonging to other serotypes (Table 1 ). Figure 1(b) shows the examples of scanned pictures of 6 strains representing different serotypes. Examples of the same serotype were tested repeatedly and shown to have an identical signal pattern, for example, 5 times for serotype 3 (data not shown). Of 23 strains representing 23-valent vaccine serotype, 18 strains hybridized to all the specific set of probes, and four strains hybridized to almost all the specific set of probes ( Table 4 ). The strain representing serotype 22F may actually belong to serotype group 22F/22A, since this sample failed to hybridize specifically to wchF and wcwA probes but hybridized to the rest of group 22F/22A specific probes. Of the 13 strains representing the 23 vaccinerelated serotypes, only 1 isolate (serotype 46), failed to hybridize to a specific probe while the other 12 strains hybridized perfectly. Of the 20 nonvaccine serotypes, 19 strains either hybridized partially to GT-specific probes or did not hybridize to any probes. One strain, representing serotype 23A, hybridized to most of the 23F-specific probe; thus, 23A may be indistinguishable from 23F using GT gene sequences.
Discussion
In order to develop a more effective S. pneumoniae vaccine, simple detection methods are required to serotype large numbers of clinical isolates. Conventional serotyping methods using large panels of antisera are labourious and require technical expertise. Our microarray method can determine serotype of a strain at one time and needs no expertise.
In addition, the microarray method described here has the potential to be automated. To our knowledge, our report describes the first microarray to utilize GT genes to predict serotype of any bacteria. Several molecular typing methods have been developed based on serotype-specific sequences [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Wang et al. [21] described microarray method using wzy and capA genes. Our approach is different in that GT genes were selected as serotype-specific genes. Since GTs catalyze the transfer of the sugar moiety to an acceptor and generate a serotype-specific capsular polysaccharide, detecting GT genes can directly reflect polysaccharide structure. We discovered considerable variability within S. pneumoniae GT genes, which provides groundwork for future investigations into new S. pneumoniae capsular types. Our method using GT genes can not only discriminate serotypes but can give information of the capsular polysaccharide structure.
The DNA microarray described here accurately detects the majority of S. pneumoniae serotypes and serogroups included in the 23-valent vaccine and in the 7, 9, 11, 13-valent conjugate vaccines, which will permit serotype surveillance before and after vaccination. Since 1983, the 23-valent pneumococcal vaccine has been administered to persons in the United States aged >2 years with certain underlying medical conditions or aged >65 years. In 2000, the more effective PCV7, 7-valent pneumococcal conjugate vaccine, which protects against serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F was approved for administration [22] . As a result of PCV7, antibiotic-resistant invasive pneumococcal infections have decreased dramatically in young children and older persons [23] ; however, an increase in disease associated with serotypes not included in the PCV7 vaccine, has been observed [24, 25] . To address serotype vaccine coverage, the Advisory Committee on Immunization Practices (ACIP) issued recommendations in February 2010 for a newly licensed 13-valent pneumococcal conjugate vaccine (PCV13), which contains the seven serotypes in PCV7 (4, 6B, 9V, 14, 18C, 19F, and 23F) and six additional serotypes (1, 3, 5, 6A, 7F, and 19A) [26] . Taken together, our DNA 
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Conclusion
We developed a S. pneumoniae DNA microarray that identifies GT gene polymorphisms to distinguish capsular types. We believe that our microarray system is more reliable and cost-effective and will help to survey the emergence of new S. pneumoniae serotype.
